SI is useful for identifying early, subclinical cases of keratoconus. In addition to curvature, power, and thickness data, the Pentacam uses the acquired data to compute a number of indices. The software highlights abnormal values and uses them to diagnosis and classify the stage of keratoconus (11, 12) . These imaging systems make noncontact and fast measurements and provide effective results, especially for the pediatric population with DS.
In this study, children with DS who had no clinical evidence of corneal ectasia upon clinical examination were measured with SI and compared with a control group of a similar age. We aimed to reveal early corneal changes of a pediatric population with DS.
Materials and methods
The study was approved by the university's School of Medicine Ethics Committee and conducted in accordance with the ethical principles described by the Declaration of Helsinki. Informed consent was obtained from the parents of the children.
This study group was made up 27 children: 15 males and 12 females who were Caucasian and had DS. They had no features of keratoconus evident on clinical examination, and they were referred to the ophthalmology clinic from schools for debilitated children and rehabilitation centers for eye examination as part of a multidisciplinary approach. The control group was made of 15 male and 15 female age-matched, healthy children. Each subject in the study underwent a complete ocular examination including cycloplegic refraction, external eye examination, screening tests for strabismus, slit-lamp biomicroscopy (corneal thinning, hydrops, scar, and Vogt's striae), and fundoscopy. Retinoscopy was performed, and scissoring or oil-drop reflex was addressed.
Children with clinically detectable corneal pathology such as opacity, scar, degeneration, and evident keratoconus were excluded from the study. Evident keratoconus was accepted if the patient had: 1) corneal irregularity determined by distorted keratometric mires, distortion of retinoscopic/ophthalmoscopic retinal red reflex, or both; and 2) at least one of the following findings in slit-lamp examination: Vogt's striae, Fleisher ring, or corneal scar consistent with keratoconus. Subclinical keratoconus was defined as normal corneal appearance in slit-lamp examination, retinoscopy, and ophthalmoscopy, in addition to inferior superior asymmetry and/or an asymmetric bow-tie pattern in the topographic map (11). The I-S value was calculated with the inferior and superior averages at the paracentral zone on a corneal dioptric power map. Average inferior and superior readings at the paracentral zone, which is the most affected area in keratoconus (1) , every 30° at 3 mm from the center of the cornea were evaluated. The average reading from the superior half of the cornea was subtracted from that of the inferior half. A positive I-S value represents a relatively steep inferior cornea, whereas a negative value represents a relatively steep superior cornea. More than 1.2 was accepted as abnormal.
Corneal measurements
Eyes showing abnormal parameter(s) were counted. Average keratometry of ≥47.2, I-S ≥1.2, thinnest pachymetry ≤463 µm, and keratoconus indices derived from the Pentacam device were used as parameters and thresholds for abnormality (13, 14) .
The data were presented as mean ± standard deviation for continuous variables and as frequencies (in percentages) for the categorical variables. The differences between groups were compared with the independent Student t-test for normally distributed data and the Mann-Whitney U test for not normally distributed data for continuous variables. The chi-square test was used for the categorical variables. Receiver operating characteristic (ROC) curves were used to determine the predictive accuracy of the test parameters. A probability of P < 0.05 was considered statistically significant. The statistical analysis was performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Fifty-two eyes of 27 DS and 60 eyes of 30 control subjects were evaluated. Age distribution of the groups was similar (8.9 ± 2.4 years, range: 5-13 and 8.8 ± 2.2 years, range 5-12 years, respectively) (P > 0.05). Thirty children with DS were prospectively identified as candidates for keratometric measurement. We achieved acceptable readings in 27 of them (25 bilateral) . Bilateral measurements could be made in all children in the control group. No subjects were excluded based on the clinical evaluation in either group. Mean CCT values in the right eyes of the study group and controls were 494 ± 47 and 552 ± 34 µm and CTmin values were 487 ± 49 and 552 ± 33 µm, respectively (P < 0.01, P < 0.01).
Simulated keratometric readings and central power in the right eyes of children with DS were significantly higher than in controls: k1 at 46 ± 1.3 versus 41.5 ± 1.3 and k2 at 45 ± 1.9 versus 43 ± 1.3 (P < 0.001, P < 0.001). Central corneal power was 45.3 ± 1.5 and 42.8 ± 1.6, respectively (P < 0.001).
DCP was 0.94 ± 0.76 in the 26 bilateral measurements that could be done with DS patients and was 0.59 ± 0.55 in the control group. The difference between the 2 groups was statistically significant (P < 0.001, t-test).
Although I-S values were not different (0.4 ± 1.6 and 0.6 ± 0.6, P = 0.449, t-test) between children with DS and the control group, 11 eyes in the DS and 3 eyes in the control group had I-S values of 1.20 or higher. Other keratoconus indices obtained from the Pentacam device software were all higher in the DS than in the control group (Table 1) . Keratoconus probability evaluation with the SI device software revealed early subclinical keratoconus in 11 eyes (21.1%) in the DS and 1 eye (1.7%) in the control group. Twenty eyes (38.4%) in the DS and 2 eyes (3.3%) in the control group had at least 1 abnormal parameter according to SI without any clinical signs. The topography of an eye that was reported to have grade 2-3 keratoconus with an I-S rate of 7.77 is shown in the Figure. In the present study, in discriminating eyes with subclinical keratoconus from normal eyes, ISV, IVA, IHD, and CP had the highest area under the curve (AUC) values in ROC analysis (Table 2) . However, I-S and DCP values had smaller AUC values than the others and were statistically not significant.
Discussion
The literature demonstrates that children with DS are at risk of several ocular disorders. In addition, increased frequencies of refractive and corneal changes in DS were reported in previous studies (1) . Diagnosis of early subclinical keratoconus can be difficult. Comprehensive clinical examination may not exclude the diagnosis of early disease (15) . Computerized corneal topography had been used to study and detect early diagnosis of keratoconus (1, 15, 16) . The curvature indices, as with any curvature measurement, are reference axis-specific. While there is no measurement that is completely free of orientation effect, there are some that are less susceptible. In general, the minimal corneal thickness (but not location) is relatively insensitive to fixation, as are the overall elevation appearance maps (17) . Therefore, we added thickness data to curvature indices. It has been shown that some indices derived from Pentacam measurements, such as posterior elevation data and corneal thickness distribution indices, were the best in discriminating subclinical keratoconus eyes from normal eyes (11).
Some researchers reported central keratometric measurements in children (18, 19) . The mean keratometric reading in each age group was seen to decline systematically from birth to about 54 months of age. The mean in the newborn to 6-month-old group was 47.59 D. In the 12. to 18-month-old group, it had decreased to 45.56 D. The cornea appears to stabilize at about 4.5 years, with an average reading of 42.69 D (18) and 43.69 D (19) . In our control group consisting of subjects 5-12 years old, the mean CP value (42.8) was close to those previous findings.
Our results using a SI device revealed that corneas of asymptomatic children with DS were steeper (46.0) than in normal control subjects. This is in agreement with findings of some other studies (46.39, 45.6, and 46.6) (20) (21) (22) .
DCP is a significant early marker of keratoconus (1, 17) . Although the predictive value was small in our series in the ROC analysis, the mean DCP was significantly higher in the DS group than in the control.
The I-S rate is a good indicator of keratoconus. Steepness in the lower half of the cornea and values higher than 1.2 have been reported in favor of keratoconus (13, 14) . In these series, the differences between average I-S values of DS patients and controls did not reach statistical significance. However, the number of eyes with an I-S value of 1.20 or higher was significantly greater in the DS group. This result may be due to the relatively small size of the group, or to a potential mistake in our method of determining the I-S values. Abnormal CP and DCP while I-S was normal may also be suggestive of early, nipple-type cones.
According to indices for keratoconus by the Pentacam software (ISV, IVA, KI, CKI, IHA, and IHD), the possibility of keratoconus is graded from 'keratoconus possible' to grade 4. In our series, keratoconus was found in 11 eyes, with the majority being of the grade 'keratoconus possible' and grade 1.
Up to a 15% incidence of keratoconus has been reported in the literature on DS, but this was based on clinical examination data. The frequency of patients who had at least 1 abnormal parameter has been reported at 39%. Precise keratoconus frequency has not been reported in topography-based studies. In our study, 38.4% of the eyes had at least 1 abnormal parameter and 21.1% were diagnosed with subclinical keratoconus.
Although some authors have attributed the high prevalence of keratoconus in patients with DS to chronic eye rubbing (4,6), others have not (22) . Some researchers have concluded that there are genetic aspects of the disease. Rabinowitz et al. identified a gene locus on chromosome 21q, which encodes a collagen and defines the relationship between the DS and the keratoconus (23) . However, gene loci on chromosomes 20, 16, and 15 related to keratoconus were also identified (24) (25) (26) . Keratoconus seems multifactorial and includes genetic and environmental aspects. In the development of keratoconus, patients with DS are exposed to both environmental and genetic effects. Our results suggest that patients with DS have increased keratoconus and corneal shape abnormalities even in the absence of clinical evidence of keratoconus. The increased frequency of keratoconus in DS might be associated with increased corneal steepness, the effect of the 21st chromosome encoding a gene related to keratoconus, or increased eye rubbing factors, alone or together.
In conclusion, keratoconus is more frequent in computerized topographic examination than in clinical examination and corneal abnormalities are more common in cases of DS. Adding computerized corneal topography to routine eye examinations may allow detection of early corneal changes and facilitate therapy to stop the progression of keratoconus. Indices derived from the Pentacam device may also facilitate subclinical keratoconus diagnosis.
